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INTRODUCTION
In the context of animal behavior, communication is the sharing of information between two or more individual animals (Scott 2005) . All animals communicate with a combination of visual, auditory and olfactory/chemical transmission and through physical contact. Communication is critical in the survival of individuals and species because it has a relationship with the protection (Suzuki 2014) , reproduction, and an introduction of mother-to-child (Sèbe et al. 2010) . Voice is one important way of communicating among many animal species.
Vocalization in mammals consists of a number of different call types (Fitch et al. 2002) . In a voice animal contains some of information about the animal, including an identity (Price et al. 2009 ), social ranking (Vannoni & McElligott 2008) , age, sex and size (Hall et al. 2013; Ey et al. 2007 ).
It has also been understood that the behavior of a cow may be used as an indicator of mental and physiological conditions (Manteuffell et al. 2004 ) until the level of stress to assess the status of animal welfare. Engeldal et al. (2013) have reported that social isolation on several breeds of sheep led to changes in the characteristics of the resulting vocalization, as well as in goats (Siebert et al. 2011) . Voice analysis have potential as a tool monitors the welfare of cows (Meen et al. 2015) , as well as observation of voice activity in the water on the whale that "caged" was an effective method to monitor the level of stress (Castellote & Fossa 2006) . Some previous researchers have reported the use of voice analysis in a variety of purpose for identification, differentiation of species and taxonomic. Ruppell (2010) have studied the diversity of voices two Gibbon population in Vietnam and Laos and assess the taxonomic relationships among both populations. The results of sound analysis conducted Gogala & Trilar (2004) has proposed changes to the taxonomy of crickets under consideration behavior vocalization. In birds, chirping voice difference was most reliable criterion in the differentiation of species of birds (Mahler & Gil 2009) .
Voice analysis has been utilized in supporting the genetic and morphological data to reconstruct the evolutionary history of species of Woodpecker birds (Benz & Robbins 2011) . Identification and differentiation of bird species are separated geographically by songbird have been successfully conducted and reported by Ohya (2004) in bird of Tibicen in Japan, Mena & Mora (2011) in bird of Cuban Toby (Todus multicolor) in Cuba, Lovell & Lein (2013) in bird of Alder flycatchers (Empidonax alnorum). Squirrels difficult to distinguish by its morphology, Esser et al. (2008) have reported that the voice analysis successfully used to identify and distinguish the species of squirrel. Ranft (2004) suggested that between the uses of voice analysis is for the description, comparison and analysis of voice; identification of species, populations and individuals; taxonomy and systematics; luring and trapping, and prevention of pest.
The use of voice analysis in various scientific activities has several advantages, including one noninvasive method that does not need to catch or get too close to the subject observed. With the current recording equipment, data recording allows to be obtained in which the subject is not visible or invisible but it is not clear, for example, because the subject is hidden in the forest or on observations done at night for nocturnal animals (Burton & Nietsch 2010) . To facilitate the work, now the identification of the species is possible to do automatically (Chesmore 2004) .
Analysis of voice used for the differentiation and genetic distance estimation breeds of sheep has not been reported. Voice change due to hybridization to understand the processes that lead to speciation species have been studied by Dere´gnaucourt (2010) in Quail. Studies conducted Rheindt et al. (2008) showed that based on DNA evidence, vocalizations may be a better indicator for taxonomy than a feather pattern. Based on previous research on these birds, the voice characterization studies conducted in several breeds of sheep that are genetically have a relationship to predict of genetic distance.
This research was conducted to study the voice character of a few breeds of sheep and likely used as a tool the genetic distance between breeds of sheep. The results are expected to be used as an alternative in the estimation of genetic distances in sheep.
MATERIAL AND METHOD
The study was conducted in two Cage Experiment Sheep in Cilebut and Bogor at Indonesian Research Institute for Animal Production. The equipment used was a digital voice recorder which records the sound of sheep in the MP3 file format. Sheep used in the research was the adult sheep (aged 2-9 years) from five breeds of sheep namely St. Croix cross (SC, 50% Local Sumatra 50% St. Croix), Barbados Black Belly cross (BC, 50% Local Sumatra 50% Barbados Black Belly), Local Garut (LG), Composite Garut (KG, 50% Local Garut 25% St. Croix 25% Moulton Charolais) and Composite Sumatra (KS, 50% Local Sumatra 25% St. Croix 25% Barbados Black Belly). The amount of each breeds of sheep used in this study were 20 heads (5 males and 15 females in status after weaning).
Each of the sampled sheep separated from sheep group to another empty cage to stimulate the sheep give a call voice. selection at which a sample with amplitude equal to Peak Amplitude occurs (Units: seconds). 9. RMS Amplitude (RMSAMP) = Root-mean-square amplitude of the selected part of the signal (Units: dimensionless sample units). 10. 1st Quartile Frequency (Q1FREQ) = Frequency that divides the selection into two frequency intervals containing 25% and 75% of the energy in the selection (Units: Hz). 11. 1st Quartile Time (Q1TIME) = Point in time that divides the selection into two time intervals containing 25% and 75% of the energy in the selection (Units: seconds).
12. 3rd Quartile Frequency (Q3FREQ) = Frequency that divides the selection into two frequency intervals containing 75% and 25% of the energy in the selection (Units: Hz). 13. 3rd Quartile Time (Q3TIME) = Point in time that divides the selection into two time intervals containing 75% and 25% of the energy in the selection (Units: seconds). 14. Average Power (AVGPOW) = Value of the power spectrum averaged over the frequency extends of the selection (Units: dB). 15. Center Frequency (CENTFREQ) = Frequency that divides the selection into two frequency intervals of equal energy (Units: Hz). 16. Center Time (CENTTIME) = Point in time at which the selection is divided into two time intervals of equal energy (Units: seconds). 17. Energy (ENERGY) = The total energy within the selection bounds (Units: dB). 
Data Analysis
Prior statistical analyzes were performed, each value of the variable to be corrected for ewe. PROC GLM of SAS software Ver. 9.0 was used to obtain the value of the correction factor for sex. The least square means (LSM) on the results of analysis of variance was used to determine a correction factor. The correction factor for the sexes was calculated by adding or subtracting LSM of data.
Normal distribution test was conducted by the Kolmogorov-Smirnov test. Analysis of variance of each variable voice was performed using SAS software Ver. 9.0 with PROC GLM, and performed significance test to see the difference between the breeds of sheep. Model of linear equations used were: Yij = µ + Bi + εij which is: Yij = The observation of the i-th breed j-th = Replication µ = The population mean Bi = The effect of the i-th breed (i = 1, 2, 3, 4, 5) εij = A random error due to the effect of the i-th breed and the j-th replication PROC CANDISC of SAS software ver 9.0 used to perform the canonical discriminant analysis to calculate the Mahalanobis distance, canonical coefficients and provides a visual interpretation of differences in breeds of sheep. Based on Mahalanobis distance matrices that have resulted from previous analysis, PROC CLUSTER with Average Linkage method (Unweight Pair-Group Method Using Arithmetic Averages, UPGMA) perform hierarchical clustering. From the resulting output was then made dendogram to five breeds of sheep with PROC TREE of SAS software ver 9.0 (SAS 2002).
RESULT AND DISCUSSION

Variation Voice Characteristics
The 24 variables voice characteristics of breeds of sheep that can be calculated using voice analysis software Raven Pro 1.3 was shown in Table 1 . It can be seen that duration of sheep voice varied between 0.96 to 1.52 seconds. Duration of sheep voice of SC and KG were no different, but the both sheep were different with sheep BC, LG and KS.
SC sheep had a voice with maximum amplitude (29584.8 units) while the lowest was KS sheep (24162.3 units). Voice energy of LG sheep (102.3 dB), SC sheep (101.4 dB) and KG (99.9 dB) were not significant different but higher than BC sheep (97.1 dB) that equal to KS sheep (97.7 dB). Power Maximum of voice of BC and KS sheep was lower than SC and LG sheep. Variable of amplitude, energy and power related to the strength or weakness of the sound produced from each breeds of sheep. Engeldal et al. (2013) have reported that the difference in amplitude, energy and power of the sound produced, in addition to genetically influenced was also influenced by the environment (social isolation). Voice amplitude of Bison was closely related to competitive ability of bull (quality, condition and motivation), and thus, can be a selection signal for male sexual performance. Wyman et al. (2008) (Krause & Ruxton 2002) . Some researchers reported a negative correlation between voice frequency and body size. The results of the study were reported in the species of bats (Zhang et al. 2000) and birds (Brumm & Naguib 2009; Martin et al. 2011) as well as between species (Fletcher 2010) . Allometric relationship between the voice frequency and body size arises because of physical and energy constraints; animals cannot efficiently produce voice waves that are larger than the body size or the apparatus of their voice production (Bradbury & Vehrencamp 1998) . This is opens an opportunity of indirect selection on the production traits of body weight by utilizing the voice frequency data.
The ability to produce voice depends on the existence of special elements of trachea; in mammals; pharyngeal cavity. Anatomy and function of the acoustic element determines the range, the acoustic characteristics and limits of voice production within species (Manteuffel et al. 2004) . Changes that occur in an animal may be as a behavior reaction and or physiology that can be measured and used to describe the state of individual and the specific meaning of the voice. This makes the sound produced was useful as a tool to assess the status of well-being and stress on the individual animal (Weary & Fraser 1995) .
Visualize the sound of five sheep in the two forms of picture shown in Figure 1 . The first visualization was in a waveform (top) and the second was a spectrogram (bottom). Waveform shape is visually describing voice in amplitude (vertical axis) versus time (horizontal axis). Meanwhile, visualization in a spectrograms describe voice in a frequency (vertical axis) versus time (horizontal axis) and power relatively at any point frequency and time indicated by the color of white, gray to black. The darker of dot indicate that power was getting stronger, so the darkest point was representing a maximum power in the voice. Visually difference in the five sheeps is shown in Figure 1 . Table 2 shows a correlation between explanatory variables of voice characteristics and canonical discriminant function. The higher of correlation value indicates that the variable is closely associated with the differences in breeds of sheep. Based on the analysis of canonical structure variables for voice characteristics, there are several major variables that a key differentiator for breeds of sheep. Variables as a differentiator for sheep was Q3FREQ, CENTFREQ, and MAXFREQ (canonical 1) with a value of 0.700361, 0.670637 and 0.526933 respectively and Q1TIME (canonical 2) with a value of 0.515125 (Table 2 ). The differentiator variables are a variables related to the frequency of voice that indicates high or low tone of voice. It shows that the five breeds of sheep were observed can be distinguished based on the high and low tone of the voice produced, as has also been discovered and reported by Shillito-Waser and Hague (1980) , his work for Clunt Forest, Jakob, Dalesbred and Border Leicester sheep. 
Differentiation of sheep based on voice characteristics
Plotting canonical shows graphically the grouping breeds of sheep was shown in Figure 2 . Based on the canonical plotting voice characteristics, LG, KS and BC sheep were different groups of breed, while SC, KG and KS sheep were the one group sheep (visible coinciding on Figure 2 ). It means that SC, KG and KS sheep were in one group so has the voice characteristic relatively similar. However, the LG, KS and BC sheep have the different voice characteristics and it relates to the genetic similarity among sheeps. Differences between breeds of sheep in particular were at variable of frequencies, as shown in Table 2 .
Mahalanobis distance values among the five sheeps observed were listed in Table 3 . Based on the characteristics of voice, the closest genetic distance among of sheep was between SC and KG sheep with a value of 4.06042 and the probability distance was not significant (P>0.05). This means that the genetic distance of the two clusters of sheep are very close so it is not a separate sheep. The breed sheep that has a value closest genetic distance with the two breeds of sheep (KG and SC) were KS sheep, the closeness of three sheeps was also demonstrated by coinciding plotting in Figure 2 . The closeness and relationship of three breeds because each breeds of sheep genetically have genes from a St. Croix sheep, meanwhile the farthest genetic distance shown between BC and LG sheep, with a value of 18.27899. This is because the two of sheeps (BC and LG sheep) have no common ancestor so they were not related genetically. A dendogram (Figure 3 ) were made to clarify the relationship between the groupings of the five breeds of sheep by Mahalanobis distances were shown in Table 3 . In the dendogram seen that KG and SC sheep were a group sheep with the closest genetic distance. The two of sheeps (KG and SC) were closer to KS sheep than the BC sheep. Nevertheless the four breeds of sheep (KG, SC, KS, and BC) have close genetic distance and have a farther genetic distance with LG sheep.
In previous studies have reported the genetic distance between the five breeds of sheep by the body size; has showed genetic relationships accurately and high suitability in explaining among the five breeds of sheep (Handiwirawan et al. 2012 (Mahler & Gil 2009 ) so that the influences of surrounding environment against voice variables chances were pretty high that caused the differences in results between the two methods. Some environmental effects have been identified affect the characteristics of the voice produced. It has been reported that social isolation and stress environment affect the characteristics of the voice emitted sheep and goats (Engeldal et al. 2013; Siebert et al. 2011) . Taylor & Reby (2010) have found that fluctuations in the emotional or motivational physiology affect the voice characteristics. Results of research on birds found that environmental factors that affect the voice was habitat structure, source of noise and weather conditions (Brumm & Naguib 2009 ). Environmental influences that are not able to be eliminated in this study were the possibility of communication between the sheep that are likely to affect the voice characteristics. Naturally, sheep was a type of livestock that have a congregate character, do not like to be alone. Sampling the voice of sheep in the study was collected by separating the sheep from the group in a separate enclosure so the sheep produced voice for their inconvenience. Nonetheless, communication can still be done by sheep samples that can be done with a combination of visual, auditory and olfactory/chemical transmission except for physical contact.
Nevertheless, the results of voice characteristics analysis showed only slight differences compared with the results of body size analysis, so that this method has a good chance to be applied. If the environmental factors of considerable influence can be eliminated, this method is a method that has the advantage because of not needing to catch or touch the animals observed and easier in its undertaking. The usefulness of this method is great especially for application in wild animals or kept extensively.
CONCLUSION
Variables for the voice characteristic which can be used as a differentiator of sheep was related to the frequency of voice produced sheep, especially the third quartile frequency, center frequency, maximum frequency and the first quartile time. Dendogram built based on the Mahalanobis distance of voice characteristics put Composite Garut sheep in the group who was less accurate. Slight differences in the grouping of sheep shown from the analysis of voice and body size showed that the genetic distance estimation method using voice characteristics data have the opportunity to apply.
